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(57) ABSTRACT

Provided 1s a flexible electrophoretic display. The flexible
clectrophoretic display includes a grayscale representation
unit for representing grayscales 1n unit areas using retlection
and transmaission; upper and lower electrodes for applying a
voltage to the grayscale representation unit; and a plurality of
colored particles formed on the upper electrode for represent-
ing color. The upper electrode 1s formed of a transparent
conductive material. External incident light 1s reflected by the
colored particles formed on the upper electrode for color
implementation by the flexible electrophoretic display. Thus,
a compact, flexible electrophoretic display capable of dis-
playing a high-definition image with multi-color and multi-
gradation can be implemented by using multi-colored particle
layers formed of metallic nano-particles.

12 Claims, 6 Drawing Sheets
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1

FLEXIBLE ELECTROPHORETIC DISPLAY
AND METHOD OF FABRICATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Korean Patent Appli-

cation No. 10-2007-0045662, filed May 10, 2007, the disclo-
sure of which 1s hereby incorporated herein by reference 1n 1ts
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1invention relates to a flexible electrophoretic
display and a method of fabricating the same, and more
particularly, to a compact, tlexible electrophoretic display
capable of displaying a high-definition 1mage with multi-
color and multi-gradation by using colored particle layers
formed of metallic nano-particles.

2. Discussion of Related Art

In recent years, flexible electrophoretic displays have been
implemented by a method using particle technology, a
method using an electrowetting phenomenon, or a method
using an electrochromic material. Bistable flexible electro-
phoretic displays have been implemented by a method using,
bistable twisted nematic or cholesteric liquid crystal (LC), or
terroelectric LC. Moreover, flexible electrophoretic displays
have been implemented by a method using Micro-Electro-
Mechanical Systems (MEMS) capable of easily implement-
ing a tull-color moving picture.

A considerable amount of research 1s being conducted 1nto
various color and moving-picture representations for imple-
menting a flexible electrophoretic display. However, such a
display 1s still difficult to commercialize due to 1ts high manu-
facturing cost.

FIG. 1 1s an optical microscope image showing the layout

of a conventional flexible electrophoretic display using a
color filter for a TF'T-LLCD, which 1s disclosed in A. Bouchard,

H. Doshi, B. Kalhor1 and A. Oleson, “Advances 1n Active-
Matrix Color Displays Using Electrophoretic Ink and Color
Filters”, SID 06 DIGEST, pp 1934-19377 (2006). The flexible
clectrophoretic display using a color filter 1s costly and has
greatly reduced reflectivity. Moreover, a flexible electro-
phoretic display using electrophoresis particles has low
brightness, narrow viewing angle and low representation
power.

SUMMARY OF THE INVENTION

The present invention 1s directed to a compact, flexible
clectrophoretic display capable of displaying a high-defini-
tion 1mage with multi-color and multi-gradation by using
colored particle layers formed of metallic nano-particles, and
a method of fabricating the same.

The present invention 1s also directed to a flexible electro-
phoretic display comprising colored particle layers that can
be easily formed of metallic nano-particles by a slurry pro-
cess, a screen printing process, an ink-jet process, or a nano-
imprinting process, which have high industrial applicability,
and a method of fabricating the same.

A first aspect of the present invention provides a multi-
color, tlexible electrophoretic display, comprising: a gray-
scale representation unit for representing grayscales in unit
areas using retlection and transmission; upper and lower elec-
trodes for applying a voltage to the grayscale representation
unit; and a plurality of colored particles formed on the upper
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clectrode for representing color, wherein the upper electrode
1s formed of a transparent conductive material, and external
incident light 1s reflected by the colored particles formed on
the upper electrode for color implementation by the flexible
clectrophoretic display.

Preferably, the grayscale representation unit may comprise
a plurality of microcapsules, each including white particles
with a first charge and black particles with a second charge.
The transparent conductive material may comprise a plurality
of colored particles for representing color.

A second aspect of the present invention provides a multi-
color, flexible electrophoretic display, comprising: a gray-
scale representation unit for representing grayscales 1in unit
areas using reflection and transmission; upper and lower elec-
trodes for applying a voltage to the grayscale representation
unit; and a plurality of colored particles formed beneath the
lower electrode for representing color, wherein the upper and
lower electrodes are formed of a transparent conductive mate-
rial, and external incident light 1s reflected by the colored
particles formed beneath the lower electrode for color imple-
mentation by the tlexible electrophoretic display.

Preferably, the grayscale representation unit may comprise
a plurality of microcapsules, each including charged black
particles. The transparent conductive material of the lower
clectrode may comprise a plurality of colored particles for
representing color. A voltage applied to the microcapsules via
the upper and lower electrodes may be adjusted to obtain a
first state where the black particles increase an exposed area
of the lower electrode and a second state where the black
particles decrease the exposed area of the lower electrode.
The plurality of colored particles may comprise metallic
nano-particles. Gradation of the flexible electrophoretic dis-
play may be determined by magnitude of the voltage applied
to the microcapsules of the grayscale representation unit via
the upper and lower electrodes. Gradation of the flexible
clectrophoretic display may be determined by rising time of
the voltage applied to the microcapsules of the grayscale
representation unit via the upper and lower electrodes.

A third aspect of the present invention provides a method of
fabricating a multi-color, flexible electrophoretic display,
comprising the steps of: forming a lower electrode; forming a
grayscale representation unit on the lower electrode for rep-
resenting grayscales 1n unit areas using reflection and trans-
mission; forming an upper electrode of a transparent conduc-
tive material on the grayscale representation unit; and
forming a plurality of colored particles on the upper elec-
trode.

Preferably, the step of forming a plurality of colored par-
ticles on the upper electrode may further comprise the steps
of: forming a slurry including first colored particles to a
predetermined thickness on the upper electrode and then
forming a first colored particle layer 1n a predetermined pat-
tern by 1rradiating the slurry with ultraviolet rays; forming a
slurry including second colored particles to a predetermined
thickness on the upper electrode having the first colored par-
ticle layer and then forming a second colored particle layer in
a predetermined pattern by irradiating the slurry with ultra-
violet rays; and forming a slurry including third colored par-
ticles to a predetermined thickness on the upper electrode
having the first and second colored particle layers and then
forming a third colored particle layer 1n a predetermined
pattern by 1irradiating the slurry with ultraviolet rays. The step
of forming a plurality of colored particles on the upper elec-
trode may further comprise the steps of: coating the upper
clectrode with paste including first colored particles through
a screen having a predetermined pattern to form a first colored
particle layer; coating the upper electrode having the first
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colored particle layer with paste including second colored
particles through a screen having a predetermined pattern to
form a second colored particle layer; and coating the upper
clectrode having the first and second colored particle layers
with paste including third colored particles through a screen
having a predetermined pattern to form a third colored par-
ticle layer. The step of forming a plurality of colored particles
on the upper electrode may further comprise the step ol inject-
ing first, second and third colored particles onto the upper
clectrode through corresponding injection nozzles to form
first, second and third colored particle layers. The step of
forming a plurality of colored particles on the upper electrode
may further comprise the steps of: forming a stamp having a
predetermined pattern; coating the stamp with first, second
and third colored particles; and stamping the upper electrode
with the stamp coated with the first, second and third colored
particles to form first, second and third colored particle lay-
ers. The step of forming a grayscale representation unit may
turther comprise the step of forming a plurality of microcap-
sules, each including white particles with a first charge and
black particles with a second charge.

A Tourth aspect of the present invention provides a method
of fabricating a multi-color, tlexible electrophoretic display,
comprising the steps of: forming a lower electrode; forming a
plurality of colored particles on the lower electrode; forming,
a grayscale representation unit for representing grayscales 1n
unit areas using retlection and transmission; and forming an
upper electrode of a transparent conductive material on the
grayscale representation unit.

Preferably, the step of forming a plurality of colored par-
ticles on the lower electrode may further comprise the steps
of: forming a slurry including first colored particles to a
predetermined thickness on the lower electrode and then
forming a first colored particle layer 1n a predetermined pat-
tern by 1rradiating the slurry with ultraviolet rays; forming a
slurry including second colored particles to a predetermined
thickness on the lower electrode having the first colored par-
ticle layer and then forming a second colored particle layer in
a predetermined pattern by irradiating the slurry with ultra-
violet rays; and forming a slurry including third colored par-
ticles to a predetermined thickness on the lower electrode
having the first and second colored particle layers and then
forming a third colored particle layer in a predetermined
pattern by 1rradiating the slurry with ultraviolet rays. The step
of forming a plurality of colored particles on the lower elec-
trode may further comprise the steps of: coating the lower
clectrode with paste including first colored particles through
a screen having a predetermined pattern to form a first colored
particle layer; coating the lower electrode having the first
colored particle layer with paste including second colored
particles through a screen having a predetermined pattern to
form a second colored particle layer; and coating the lower
clectrode having the first and second colored particle layers
with paste including third colored particles through a screen
having a predetermined pattern to form a third colored par-
ticle layer. The step of forming a plurality of colored particles
on the lower electrode may further comprise the step of inject-
ing first, second and third colored particles onto the lower
clectrode through corresponding injection nozzles to form
first, second and third colored particle layers. The step of
forming a plurality of colored particles on the lower electrode
may further comprise the steps of: forming a stamp having a
predetermined pattern; coating the stamp with first, second
and third colored particles; and stamping the lower electrode
with the stamp coated with the first, second and third colored
particles to form first, second and third colored particle lay-
ers. The step of forming a grayscale representation unit may

10

15

20

25

30

35

40

45

50

55

60

65

4

turther comprise the step of forming a plurality of microcap-
sules, each including charged black particles. The plurality of
colored particles may comprise metallic nano-particles.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present 1mvention will become more apparent to those of
ordinary skill 1n the art by describing in detail exemplary
embodiments thereof with reference to the attached drawings,
in which:

FIG. 1 1s an optical microscope image showing the layout
of a conventional flexible electrophoretic display using a
color filter for a TFT-LCD;

FIG. 2 1s a schematic cross-sectional view of a flexible
clectrophoretic display according to a first exemplary
embodiment of the present invention;

FIG. 3 1s a schematic cross-sectional view of a flexible
clectrophoretic display according to a second exemplary
embodiment of the present invention;

FIGS. 4a to 4e are schematic cross-sectional views 1llus-
trating a process ol fabricating the tlexible electrophoretic
display of FIG. 2;

FIGS. 5a to 5e are schematic cross-sectional views 1llus-
trating a process of fabricating the flexible electrophoretic
display of FI1G. 3; and

FIG. 6 1s a schematic circuit diagram illustrating an
example of a driving circuit for driving the tlexible electro-
phoretic display of FIG. 2 or 3.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinatter, exemplary embodiments of the present inven-
tion will be described 1n detail. The present invention 1s not
limited to the exemplary embodiments disclosed below, but
rather can be implemented 1n various forms. The following
exemplary embodiments are described 1n order to fully enable
those of ordinary skill 1n the art to embody and practice the
present invention.

FIG. 2 1s a schematic cross-sectional view of a flexible
clectrophoretic display according to a first exemplary
embodiment of the present invention.

A flexible electrophoretic display for representing a multi-
color comprises a grayscale representation unit 210, an upper
clectrode 220, a plurality of colored particles 240, and a TFT
substrate 250 including a lower electrode 230.

The grayscale representation unit 210 represents gray-
scales 1 unmit areas, e.g., R, G and B pixels, using light
reflection and transmission. The grayscale representation unit
210 comprises a plurality of microcapsules 212, each includ-
ing white particles 214 with a first charge, e.g., a negative
charge, and black particles 216 with a second charge, e.g., a
positive charge. Alternatively, the white particles 214 may
have the second (positive) charge and the black particles 216
may have the first (negative) charge. Each microcapsule 212
contains a solvent 218 containing 1sopropyl alcohol (IPA).
The flexible electrophoretic display further comprises a
binder 219 provided between the upper electrode 220 and the
lower electrode 230 for binding the microcapsules 212 to the
lower electrode 230 or to one another.

The upper electrode 220 1s formed of a transparent con-
ductive material, e.g., indium tin oxide (ITO). The plurality of
colored particles 240, such as R, G and B metallic nano-
particles, are formed 1n a specific pattern on the upper elec-
trode 220. Alternatively, the R, G and B metallic nano-par-
ticles may be included in the upper electrode 220 as a single
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layer. It will be easily appreciated that the R, G and B patterns
may be formed by mixing the transparent conductive material
with the R, G and B metallic nano-particles and sputtering the
resultant material.

Here, the metallic nano-particles show different colors
depending on their diameters, which are preferably deter-
mined so that the respective R, G and B colors can be repre-
sented. Of course, the plurality of colored particles 240 may
be formed both 1n and on the upper electrode 220.

The flexible electrophoretic display may further comprise
a transparent plastic substrate 260 formed as a passivation
f1lm on the upper electrode 220 or the colored particles 240.
The transparent plastic substrate 260 may comprise polyeth-
ylene terephthalate (PET).

The lower electrode 230 applies a voltage to the microcap-
sules 212 1n cooperation with the upper electrode 220.

The TFT substrate 250 including the lower electrode 230
has a four-layer structure. A first layer 1s the lower electrode
230 that 1s 1 contact with the microcapsules 212 of the
grayscale representation unit 210. A second layer comprises
drains D and sources S of TFTs T1.1, T2.1 and T3.1 formed
therein. Here, the sources S of the TFT's are 1n contact with the
lower electrode 230. A third layer comprises gates G of the
TFTsT1.1,12.1 and T3.1 formed thereon. A fourth layer is a
base layer fer integrally supporting the first, second and third
layers. The fourth layer may be formed of glass, plastic or
stainless steel foil.

Operation of the grayscale representation unit 210 will now
be described 1n detail. When a (-) voltage 1s applied to the
upper electrode 220 and a (+) voltage from the TFTs of the
TFT substrate 250 1s applied to the lower electrode 230, the
negatively charged white particles 214 in the microcapsules
212 move 1n the direction of the lower electrode 230 and the
positively charged black particles 216 move 1n the direction
of the upper electrode 220. Accordingly, an image 1s dis-
played 1n black color, when viewed from the upper electrode
220. On the contrary, when a (+) voltage 1s applied to the
upper electrode 220 and a (-) voltage from the TFTs of the
TFT substrate 250 1s applied to the lower electrode 230, the
white particles 214 1n the microcapsules 212 move in the
direction of the upper electrode 220 and the black particles
216 move 1n the direction of the lower electrode 230. Accord-
ingly, the image 1s displayed 1in white color, when viewed
from the upper electrode 220.

Gradation of the grayscale representation unit 210 may be
represented by the magnitude or rising time of the voltage
applied to the microcapsules 212 via the upper electrode 220
and the lower electrode 230.

As described above, 1n the flexible electrophoretic display
according to the first exemplary embodiment, as the black
particles 216 move 1n the direction of the lower electrode 230
and the white particles 214 move 1n the direction of the upper
clectrode 220, R, G and B colors are respectively represented
by the R, G and B colored particles in the upper electrode 220
and the gradation 1s represented by the magnitude or rising
time of the voltage applied to the upper electrode 220 and the
lower electrode 230, such that a high-definition i1mage 1s
displayed with multi-color and multi-gradation. The presence
ol the colored particles 1n or on the upper electrode 220 can
lead to improved reflectivity.

FIG. 3 1s a schematic cross-sectional view of a flexible

clectrophoretic display according to a second exemplary
embodiment of the present invention.

A flexible electrophoretic display for representing a multi-
color comprises a grayscale representation unit 310, an upper
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clectrode 320, a plurality of colored particles 340, and a TFT
substrate 350 including a lower electrode 330 and a reflective
clectrode 345.

The grayscale representation unit 310 represents gray-
scales 1n umt areas, e.g., R, G and B pixels, using light
reflection and transmission. The grayscale representation unit
310 comprises a plurality of microcapsules 312, each includ-
ing black particles 316 with either negative or positive charge.
Each microcapsule 312 contains a solvent 318 containing
IPA. The flexible electrophoretic display further comprises a
binder 319 provided between the upper electrode 320 and the
lower electrode 330 for binding the microcapsules 312 the
lower electrode 330 and to one another.

Preferably, the upper electrode 320 1s formed of a trans-
parent conductive material, e.g., ITO. Meanwhile, the upper
clectrode 320 1s not necessarily required 1n the second exem-
plary embodiment. That 1s, the flexible electrophoretic dis-
play may further comprise a transparent plastic substrate 360
formed as a passivation film directly on the grayscale repre-
sentation unit 310 without the upper electrode 320. The trans-
parent plastic substrate 360 may comprise PET.

The plurality of colored particles 340, such as R, G and B
metallic nano-particles, are formed 1n a specific pattern on the
lower electrode 330. Alternatively, the R, G and B metallic
nano-particles may be included 1n the lower electrode 330 in
a specific pattern. An electric field 1s formed 1n a specific
direction around the microcapsules 312 by a voltage applied
to the lower electrode 330 or across the lower electrode 330
and the upper electrode 320. A Coulomb force moves the
charged black particles 1n the microcapsules 312 1n the elec-
tric field. Here, the lower electrode 330 1s 1n contact with the
TFTs of the TFT substrate through the plurality of colored
particles 340, which may be formed on either the top or
bottom of the lower electrode 330.

The TFT substrate 350 has a four-layer structure. A first
layer comprises the lower electrode 330 that1s in contact with
the grayscale representation unit 310, the R, G and B colored
particles 340, and the reflective electrode 345. A second layer
comprises TFTsT1.1, T2.1 and T3.1 for controlling the lower
clectrode and TFTs T1.2, T2.2 and T3.2 for controlling the
reflective electrode. A third layer comprises gates G of the
TFTs T1.1,1T1.2, T2.1, T2.2, T3.1 and 13.2 formed thereon.
A fourth layer 1s a base layer for integrally supporting the first,
second and third layers. The fourth layer 1s formed of glass.
Here, the reflective electrode 345 comprises a high-retlectiv-
ity metal, e.g., aluminum (Al).

Operation of the grayscale representation unit 310 will now
be described 1n detail. By way of example, when a (+) voltage
from the TFTs ofthe TF'T substrate 350 1s applied to the lower
clectrode 330, the negatively charged black particles 316 1n
the microcapsules 312 move 1n a direction that increases an
exposed area ol the R colored particles. Accordingly, an
image 1s dlsplayed in color resulting from the R colored
particles, when viewed from the upper electrode 320. On the
contrary, when the voltage from the TFTs of the TFT sub-
strate 350 1s not applied to the lower electrode 330 or a (-)
voltage 1s applied to the lower electrode 330, the negatively
charged black particles 316 in the microcapsules 312 move 1n
a direction that decreases the exposed area of the R colored
particles. Accordingly, an 1image 1s displayed in black color,
when viewed from the upper electrode 320.

Gradation of the grayscale representation unit 310 may be
represented by the magnitude or rising time of the voltage
applied via the lower electrode 330.

As described above, as the black particles 316 move 1n the
direction of the lower electrode 330, R, G and B colors are
respectively represented by the R, G and B colored particles
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formed on the bottom of the lower electrode 330, and the
gradationis represented by the magnitude or rising time of the
voltage applied to the lower electrode 330, so that a high-
definition 1mage can be displayed with multi-color and multi-
gradation. The presence of the reflective layer 345 beneath the
colored particles 340 can lead to improved retlectivity.

FIGS. 4q to 4e are schematic cross-sectional views 1llus-

trating a process ol fabricating the tlexible electrophoretic
display of FIG. 2.

First, a TFT substrate 450 1s formed (see FI1G. 4a). Specifi-
cally, a base layer of glass 1s formed, gates, drains and sources
of TFTs T1.1, T2.1 and T3.1 are formed, and a lower elec-
trode 1s formed 1n contact with microcapsules of a grayscale
representation unit 410.

The grayscale representation unit 410 1s then formed on the
lower electrode for representing grayscales 1n unit areas using
light reflection and transmission (see FIG. 45). The step of
forming the grayscale representation unit 410 comprises a
step of forming a plurality of microcapsules 412, each includ-
ing white particles 414 with a first charge and black particles
416 with a second charge. The process further comprises a
step of forming a binder 419 between the upper electrode and
the lower electrode for binding the microcapsules 412 to the
lower electrode and to one another.

An upper electrode 420 1s then formed of a transparent

conductive material on the grayscale representation unit 410
(see FIG. 4c¢).

A plurality of colored particles, e.g., R, G and B colored
particles 440, are then formed on the upper electrode 420 (see
FIG. 4d). Alternatively, a plurality of colored particles may be
included in the upper electrode 420.

Meanwhile, the plurality of colored particles may be
formed by a slurry process, a screen printing process, an
ink-jet process, or a nano-imprinting process. The plurality of
colored particles may comprise metallic nano-particles.

If the slurry process 1s used, the step of forming the plural-
ity of colored particles 440 comprises the steps of: forming a
slurry including first colored particles, e.g., R colored par-
ticles, to a predetermined thickness on the upper electrode
420 and then forming a first colored particle layer 1n a prede-
termined pattern by irradiating the slurry with ultraviolet
rays; forming a slurry including second colored particles to a
predetermined thickness on the upper electrode having the
first colored particle layer and then forming a second colored
particle layer 1n a predetermined pattern by irradiating the
slurry with ultraviolet rays; and forming a slurry including
third colored particles to a predetermined thickness on the
upper electrode having the first and second colored particle
layers and then forming a third colored particle layer 1n a
predetermined pattern by rradiating the slurry with ultravio-
let rays.

If the screen printing process 1s used, the step of forming
the plurality of colored particles 440 comprises the steps of:
coating the upper eclectrode 420 with paste including first
colored particles through a screen having a predetermined
pattern to form a first colored particle layer; coating the upper
clectrode 420 having the first colored particle layer with paste
including second colored particles through a screen having a
predetermined pattern to form a second colored particle layer;
and coating the upper electrode 420 having the first and
second colored particle layers with paste including third col-
ored particles through a screen having a predetermined pat-
tern to form a third colored particle layer.

If the 1mk-jet process 1s used, the step of forming the plu-
rality of colored particles 440 comprises the step of injecting,
first, second and third colored particles onto the upper elec-
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trode 420 through corresponding injection nozzles to form
first, second and third colored particle layers.

I1 the nano-1mprinting process 1s used, the step of forming
the plurality of colored particles 440 comprises the steps of:
forming a stamp having a predetermined pattern, coating the
stamp with first, second and third colored particles, and
stamping the upper electrode with the stamp coated with the
first, second and third colored particles to form first, second
and third colored particle layers.

A transparent plastic substrate 460 including PET i1s then
formed as a passivation {ilm on the plurality of colored par-
ticles 440 (see FI1G. 4e).

FIGS. 5a to Se are schematic cross-sectional views 1llus-
trating a process ol fabricating the tlexible electrophoretic
display of FIG. 3.

First, a TFT substrate 550 1s formed (see FIGS. 5q and 5b).
Specifically, a base layer of glass 1s formed, gates of TFTs
1T1.1,T71.2, 121, T2.2, T3.1 and T3.2 are formed, and TFTs
1T1.1,T2.1, T3.1 . .. for controlling a lower electrode and
TFTs T1.2,1T2.2, T3.2, . . . for controlling a retlective elec-
trode are formed. Also, alower electrode 530 that 1s in contact
with a grayscale representation unit, R, G and B colored
particles 540, and a reflective electrode 5435 are formed. Here,
the reflective electrode 545 comprises a high-reflectivity
metal, e.g., aluminum (Al). A plurality of colored particles
may be included 1n an upper electrode.

Meanwhile, the plurality of colored particles 540 may be
formed by a slurry process, a screen printing process, an
ink-jet process, and a nano-imprinting process. The plurality
of colored particles may comprise metallic nano-particles.

I1 the slurry process 1s used, the step of forming the plural-
ity of colored particles 540 comprises the steps of: forming a
slurry including first colored particles to a predetermined
thickness on the lower electrode 530 and then forming a first
colored particle layer in a predetermined pattern by 1rradiat-
ing the slurry with ultraviolet rays; forming a slurry including
second colored particles to a predetermined thickness on the
lower electrode 330 having the first colored particle layer and
then forming a second colored particle layer 1n a predeter-
mined pattern by irradiating the slurry with ultraviolet rays;
and forming a slurry including third colored particles to a
predetermined thickness on the lower electrode 530 having
the first and second colored particle layers and then forming
a third colored particle layer in a predetermined pattern by
irradiating the slurry with ultraviolet rays.

If the screen printing process 1s used, the step of forming
the plurality of colored particles 540 comprises the steps of:
coating the lower electrode 530 with paste including first
colored particles through a screen having a predetermined
pattern to form a first colored particle layer; coating the lower
clectrode 530 having the first colored particle layer with paste
including second colored particles through a screen having a
predetermined pattern to form a second colored particle layer;
and coating the lower electrode 530 having the first and sec-
ond colored particle layers with paste including third colored
particles through a screen having a predetermined pattern to
form a third colored particle layer.

If the ink-jet process 1s used, the step of forming the plu-
rality of colored particles 540 comprises the step of injecting
first, second and third colored particles onto the lower elec-
trode 530 through corresponding injection nozzles to form
first, second and third colored particle layers.

I1 the nano-imprinting process 1s used, the step of forming,
the plurality of colored particles 540 comprises the steps of:
forming a plurality of colored particles on the lower electrode
530, forming a stamp having a predetermined pattern, coating
the stamp with first, second and third colored particles, and
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stamping the lower electrode 530 with the stamp coated with
the first, second and third colored particles to form first,
second and third colored particle layers.

A grayscale representation unit 510 1s then formed on the
plurality of colored particles 540 for representing grayscales
in unit areas using light reflection and transmission (see
FIGS. 5¢ and 5d). The step of forming the grayscale repre-
sentation unit 510 further comprises the step of forming a
plurality of microcapsules 512, each including charged black
particles. The process further comprises the step of forming a
binder 519 between the upper electrode 520 and the lower
clectrode 330 for binding the microcapsules to the lower
clectrode 530 and to one another.

The upper electrode 520 1s then formed of a transparent
conductive material on the grayscale representation unit 510,
and a transparent plastic substrate 560 including PET 1s then
formed as a passivation {ilm on the upper electrode 520 (see
FIG. Se).

FIG. 6 1s a schematic circuit diagram illustrating an
example of a driving circuit for driving the flexible electro-
phoretic display of FIG. 2 or 3.

The drniving circuit 600 comprises an 1image display part
610, a data driver 620, and a scan driver 630.

The image display part 610 displays an 1image and com-
prises a plurality of pixels 615 including thin film transistors
and an electrophoretic display (EPD); a plurality of scan lines
S1,S2,....,S,,,and S, for transferring a scanning signal to
the pixels 615; and a plurality of data lines D1, D2, ..., D
and D__ for transierring a data signal to the pixels 615.

The data driver 620 provides the data signal to the image
display part 610. The data signal 1s applied to the drain or gate
of each TF'T included 1in the TF'T substrate for the flexible
clectrophoretic display according to the first and second
exemplary embodiments.

The scan driver 630 provides the scan signal to the image
display part 610. The scan signal 1s applied to the drain or gate
of each TFT included in the TFT substrate for the flexible
clectrophoretic display according to the first and second
exemplary embodiments.

According to the present invention as described above, R,
G and B colored particle layers are formed using metallic
nano-particles rather than a color filter for a conventional
TFT-LCD. Thus, a compact, flexible electrophoretic display
1s achieved that can display a high-definition 1mage with
multi-color and multi-gradation.

Furthermore, the colored particle layers can be easily
tormed of metallic nano-particles by a slurry process, a screen
printing process, an ink-jet process, and a nano-imprinting,
process, which have high industrial applicability.

While the invention has been shown and described with
reference to certain exemplary embodiments thereot, it waill
be understood by those skilled in the art that various changes
in form and details may be made therein without departing
from the spirit and scope of the mnvention as defined by the
appended claims.

What 1s claimed 1s:
1. A multi-color, tlexible electrophoretic display, compris-
ng:

a grayscale representation unit for representing grayscales
in unit areas using reflection and transmission;

upper and lower electrodes for applying a voltage to the
grayscale representation unit; and

a plurality of colored particles formed on the upper elec-
trode for representing color,

il
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wherein the upper electrode 1s formed of a transparent
conductive material, and external incident light 1s
reflected by the colored particles formed on the upper
clectrode for color implementation by the tlexible elec-
trophoretic display.

2. The display of claim 1, wherein the grayscale represen-
tation unit comprises a plurality of microcapsules, each
including white particles with a first charge and black par-
ticles with a second charge.

3. The display of claim 2, wherein gradation of the flexible
clectrophoretic display 1s determined by magnitude of the
voltage applied to the microcapsules of the grayscale repre-
sentation unit via the upper and lower electrodes.

4. The display of claim 2, wherein gradation of the flexible
clectrophoretic display 1s determined by rising time of the
voltage applied to the microcapsules of the grayscale repre-
sentation unit via the upper and lower electrodes.

5. The display of claim 1, wherein the transparent conduc-
tive material comprises a plurality of colored particles for
representing color.

6. The display of claim 1, wherein the plurality of colored
particles comprise metallic nano-particles.

7. A method of fabricating a multi-color, flexible electro-
phoretic display, comprising the steps of:

forming a lower electrode;

forming a grayscale representation unit on the lower elec-

trode for representing grayscales in unit areas using
reflection and transmission;

forming an upper electrode of a transparent conductive

material on the grayscale representation unit; and
forming a plurality of colored particles on the upper elec-
trode.

8. The method of claim 7, wherein the step of forming a
plurality of colored particles on the upper electrode further
comprises the steps of:

forming a slurry including first colored particles to a pre-

determined thickness on the upper electrode and then
forming a first colored particle layer 1n a predetermined
pattern by 1rradiating the slurry with ultraviolet rays;

forming a slurry including second colored particles to a

predetermined thickness on the upper electrode having
the first colored particle layer and then forming a second
colored particle layer 1n a predetermined pattern by irra-
diating the slurry with ultraviolet rays; and

forming a slurry including third colored particles to a pre-

determined thickness on the upper electrode having the
first and second colored particle layers and then forming
a third colored particle layer 1n a predetermined pattern
by 1rradiating the slurry with ultraviolet rays.

9. The method of claim 7, wherein the step of forming a
plurality of colored particles on the upper electrode further
comprises the steps of:

coating the upper electrode with paste including first col-

ored particles through a screen having a predetermined
pattern to form a first colored particle layer;
coating the upper electrode having the first colored particle
layer with paste including second colored particles
through a screen having a predetermined pattern to form
a second colored particle layer; and

coating the upper e¢lectrode having the first and second
colored particle layers with paste including third colored
particles through a screen having a predetermined pat-
tern to form a third colored particle layer.

10. The method of claim 7, wherein the step of forming a
plurality of colored particles on the upper electrode further
comprises the step of injecting first, second and third colored
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particles onto the upper electrode through corresponding stamping the upper electrode with the stamp coated with
injection nozzles to form first, second and third colored par- the first, second and third colored particles to form first,
ticle layers. second and third colored particle layers.

11. The method of claim 7, wherein the step of forming a 12. The method of claim 7, wherein the step of forming a
plurality of colored particles on the upper electrode further 5 8tayscale representation unit further comprises the step of
comprises the steps of: forn:ung a plurahty ol microcapsules, ean::h 1nclgd1ng white

particles with a first charge and black particles with a second

form tamn hav; determined pattern:
orming a stamp having a predetermined pattern; charge.

coating the stamp with first, second and third colored par-
ticles; and £ % % % %
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